A possible mechanism of mitochondrial dysfunction during cerebral ischemia: inhibition of mitochondrial respiration activity by arachidonic acid.
The dramatic increase in the arachidonic acid (AA) level in the brain is a well-known molecular event during cerebral ischemia. As mitochondria are known to be one possible site of the cell damage, the effects of AA on the respiratory activity of rat brain mitochondria were investigated in vitro using an oxygen electrode. In NAD-linked respiration, respiratory control ratio was decreased significantly by AA, with an IC50 of 6.0 microM. AA had the dual effect on mitochondrial respiration, a decrease in state 3 and uncoupled state and an increase in state 4 (i.e., uncoupling) as reported by Hillered and Chan (J. Neurosci. Res. 19, 94-100, 1988). Furthermore, we found that other unsaturated long-chain free fatty acids (C18:1-C18:3, C20:1-C20:5) also showed such a dual effect. Cyclooxygenase metabolites of AA such as prostaglandins (D2, E2, F2 alpha, E1) and thromboxane B2, and lipoxygenase metabolites such as leukotrienes (D4, B4) and 5- or 12-hydroperoxyeicosatetraenoic acid had no significant effect. The inhibition of the uncoupled state by AA was more marked in NAD-linked than that in FAD-linked respiration, while the degree of uncoupling by AA were the same in both respirations. In spectrophotometrical measurement, the reduction of cytochromes and flavo-protein was markedly inhibited by AA in NAD-linked respiration, but not in the FAD-linked one. In addition, the activity of cytochrome c oxidase was scarcely inhibited by AA. These data suggest that AA itself, not its metabolites, may inhibit mitochondrial ATP production during brain ischemia and that AA may act on the site(s) closely related to NAD-linked respiration, but not the FAD-linked one, in addition to its uncoupling effect.